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ABSTRACT 

The new Wide Field Camera 3/IR observations on the Hubble Ultra-Deep 
Field started investigating the properties of galaxies during the reionization 
epoch. To interpret these observations, we present a novel approach inspired 
by the conditional luminosity function method. We calibrate our model to ob- 
servations dX z = Q and assume a non-evolving galaxy luminosity versus halo 
mass relation. We first compare model predictions against the luminosity func- 
tion measured at z = 5 and z = 4. We then predict the luminosity function at 
2^7 under the sole assumption of evolution in the underlying dark-matter halo 
mass function. Our model is consistent with the observed z galaxy number 
counts in the HUDF survey and suggests a possible steepening of the faint-end 
slope of the luminosity function: a{z > 8) < —1.9 compared to a = —1.74 at 
z = Q. Although we currently see only the brightest galaxies, a hidden popula- 
tion of lower luminosity objects {LjL^ > 10~^) might provide > 75% of the total 
reionizing flux. Assuming escape fraction /esc ~ 0.2, clumping factor C ~ 5, 
top heavy-IMF and low metallicity, galaxies below the detection limit produce 
complete reionization at 2 > 8. For solar metallicity and normal stellar IMF, 
reionization finishes at 2; > 6, but a smaller C/ fesc is required for an optical 
depth consistent with the WMAP measurement. Our model highlights that the 
star formation rate in sub-L^. galaxies has a quasi-linear relation to dark-matter 
halo mass, suggesting that radiative and mechanical feedback were less effective 
at 2; > 6 than today. 

Subject headings: galaxies: high-redshift — early universe — cosmology: theory 
— stars: formation 



Introduction 



The new Wide Field Camera 3/IR (WFC3) Hubble Ultra Deep Field (HUDF09) o b- 
servations opened a new window on high-redshift galaxy formation (jOesch et al.l l2010al lb: 
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Bouwens et al.lboiOal Jbl: Bunker et alJboOQl : McLure et aLlboid iFinkelstein et al-lboooh . Yet 



the sample of z > 6.5 galaxies is t oo small (16 z-dropouts in lOesch et al.l 12010^ and 5 



Y-dropouts in iBouwens et al.l l2010al ) for a precise determination of the galaxy luminosity 
function (LF), es pecially after taking int o account the systematic uncertainty introduced by 
cosmic variance (ITrenti fc Stiavellil 120081 ) . 



Measuring the galaxy LF is important to assess their contribution to cosmic reioniza- 
tion, which started at z > 10, as inferred from the Thomson scattering optical depth Tg 
in the CMB background (IKomatsu et al.l 120091 ) . The nature of the reionizing sources is 
currently debated. Are normal galaxies the agents of re ionization, or are o t her sources re- 



keep the Universe reionized (IStiave. 



spon s ible, such as Population III stars or Mini-QSOs (IMadau et al.l l2004l : ISokasian et al. 
2004J : IShuU &: VenkatesanI 120081)? Within uncertai i ities, galaxies detec ted at 2; ~ 6 barely 



estabhshed from 2; ~ 4 to 2; ~ 6 (Bouwens et al 



li et al 



2004 



a 



Bun 



cer et al.ll2004f ). The LF evolution 



2007) seems to continue into the dark 



ages, with progressively fe wer bright sources ( jBolton fc Haehneltl 120071 : iBouwens et al.ll2008 
2010al : lOesch et al.ll2009(] ). 



The exploration of the link between LF and underlying dark-matter halo mass func- 
tion (MF) helps us understand the processes regulating star formation. This has been 
studied via the conditional luminosity functioii (CLF) method loca l ly and at high redshift 



Stark et al. 



2007 



fIVale fc Ostrikei 20041: ICoorav fc Milosavlievid l2005l: ICooravl l2005l : ICoorav fc Ouchil I2OO6 



Bouwens et al 



2008 



Lee et al.ll2009l ). Key results are: (1) significant red - 



shift evolution of galaxy luminosity versus halo mass, L(M/j), (ICoorayll2005l : iLee et al.ll2009l ): 
(2) only a fraction enc ~ 20 — 30% of halos appears to host Lyman Break galaxies (LBG) 



(IStark et al.l 120071 : iLee et al.l l2009l ): (3) the predicted LF at z > 6 deviates significantly 
from Schechter form, missing the sharp drop in density of bright (M^^ < —20) galaxies 
(IBouwens et al.ll2008l ). These findings suggest limitations of the current models extrapo- 
lated to the highest redshift. In fact, because of the young age of the Universe during the 
reionization epoch [Az = 1 corresponds to < 170 Myr at 2; > 6), it becomes difficult to jus- 
tify rapid evolution of L{Mh), unless the IMF changes. A low enc also appears problematic: 
the halo MF evolves rapidly at z > 6: the number density of > IO^^Mq halos (hosting 
~ galaxies) increases by a factor three from z = 7 to z = 6. Hence, e^c ^ 0.3 implies that 
the majority of recently formed halos at ^ ^ 6 did not experience significant star formation. 
Finally, the absence of a well-d efined knee in the pred icted z > 6 LF differs from the rarity 
of observed bright galaxies (see IBouwens et al.ll2010al ). 



To overcome these limitations, we present a novel implementation of the CLF model, tai- 
lored for application at z > 5. Instead of a duty cycle, we adopt another simple assumption: 
only halos formed within a given time interval host a detectable LBG (Section [2]). Sec- 
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tion [3] contains the predictions for the -2^7 LF, compared to WFC3-HUDF09 observations. 
Section H] discusses the contribution of galaxies to reionization. 



2. An Improved CLE Model for 2; ~ 6 



We adopt a variation on the CLF approach ( IVale fc Ostrikerll2004j : ICooray fc Milosavljevic 



20051 ) to construct an empirical relation between the galaxy LF and the halo MF at redshift 
z = 6, close to the reionization epoch and with a well measured LF function. In the standard 
CLF method, L{Mh) is derived assuming that each dark-matter halo hosts a single galaxy 
and equating the number of galaxies with luminosity greater than L to the number of halos 
with mass greater than Mh (optionally with eoc < 1): 



eoc I n{MH,z)dMH 



+00 



z)dL. 



Here, n{Mh, z) is the lSheth fc Tormeru (119991 ) halo MF, constructed assuming a WMAP5 cos- 



mology (^A = 0.72, n^n = 0.28, = 0.0462, as = 0.817, n, = 0.96, h = 0.7; iKomatsu et al. 
20091 ) and z) is the galaxy LF at redshift z. 



In our Improved CLF (ICLF) model, rather than e^c < 1, we modify Equation [T] to 
include only halos with M > that have been formed within time interval At: 



AN{Mh,z) 



+00 



[n{MH, z) - n{MH, z^t)] dMn, 



(2) 



where At = tH{z) — tnizAt), with tniz) being the local Hubble time (Equation 6 of 

3 defines an effective duty-cycle e^^ 

J;^^^[n{MH, z) - n{MH, ZAt)] dMn 



Trenti Sz Stiavellil l2009l ) . Equation [2] defines an effective duty-cycle e^^^J\Mh, z): 



e^Dc\Mh,z 

L{Mh) is defined implicitly by: 

Mf), 



j^;^n{MH,z) dMn 



(3) 



.jjc \Mh,z) / n{MH,z) dMn 

'Mh 



+00 



0(L, z)dL. 



(4) 



In the limit At — t- +00 and eoc = 1? Equation H] is equivalent to Equation [H We adopt 
At = 200 Myr but discuss model predictions for At = (100 — 300) Myr. The timescale At 
refers to the global evolution of the halo MF (Equations and captures the fraction of 
halos that experienced a recent change in their mass. This ensemble includes halos that 
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have likely experienced a recent star- formation burst, and are thus more likely to host a UV- 
bright galaxy. However, for an individual halo star formation is extended over timescales 
l onger than At at a lower mass scale. In fa ct, using our Extended-Press-Schechter modeling 
dXrenti fc Stiavellil boosi IXrenti et allboosl ). we infer that a Mh = 10" Mq, z = 6 halo had 



Mh > 10^ Mq, at z > 24 (> 99% c onfidence). This is consistent with the abundant supply 
of cold gas present at high-redshift (IKeres et al.ll2005l : iDave et al.ll2008l ). which suggests sus- 



tained star formation over several 10^ yr. In fact, our ICLF model has an h igher e^prPjMh-, z 



at 2: > 6 (Figur e [H) than the fixed e^c assumed/derived in similar studies (jStark et al.ll2007l ; 
L^eeLaOEB). 



We parametrize the observed LP as a Schechter function: 



exp {—L/L^). 



(5) 



We calibrate the model to the rest-frame UV parameters measured by lBouwens et al.l (120071 ) 
for i-dropouts {z ~ 6): 0* = 1.4 x lO'^ Mpc'^ {h = 0.7), a = -1.74, = IQ-^*/"^-^ 
with M* = —20.24 (see also Table 1). In Equations [1] and HI we do not consider scatter 
i n LjMh) because we are prim arily interested in the insensitive faint end of the relation 
(ICooray fc Milosavljevid l2005l ). We also neglect multiple halo occupation, motivated by 
current z = Q ob servational limits. O nly halos with Mh ^ 7 x 10^^ M© are likely to host 
multiple galaxies (jWechsler et al.ll200ll ). Such halos are rare within a single ACS field of view 
(< 1 expected in the ~ 3 x 10"^ Mpc^ ACS volume for i-dropouts). Halos hosting multiple 
galaxies are present in surveys at 2 > 6 with a larger volume such as the GOODS field, 
but their depth is insufficient to detect the fainter (sub-L*) satellite galaxies. The model of 
Lee et al.l (120091 ) provides an independent confirmation. 



Pigure [T] shows the L{Mh) relation at z = 6 from Equations [T]|ll The faintest galaxies 
{Mab ^ —18) live in M > 2 X 10^° Mq halos. The blue-shaded region represents the uncer- 
tainty derived by vary ing the LP parameters within the la confidence regions in Pigure 3 of 



Bouwens et al.l (120071 ). We included an additional 12% uncertainty in (f)^ from cosmic vari- 



ance 



2 1 %/ \/3 for the three quasi- independent HUDP05-ACS fields, see iTrenti fc Stiavellil 
200J). L(Mh) is similar for both models. The steep faint-end slope of the observed LP 
(a ^ —1.7) implies a fiattenin g of L{Mh) compared to the local Universe, where L oc 
( ICooray &: Milosavljevid l2 0051 ). Por the standard CLP model we derive L ~ M^'^, while the 
ICLP model gives L ~ M^'^. This means that the specific star formation efficiency rj in 
small-mass halos depends mildly on halo mass [rj ~ M^'^), compared to the strong suppres- 
sion [rj ~ M|) inferred at z = 0. This provides clues to the processes that regulate early-time 



^Cosmic variance calculator available at http://casa.colorado.edu/~trenti/CosmicVaricince.html 
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star formation, suggesting a scenario where radiative and s upernova feedback were less ef- 
ficient than today. The UV background decreases at z > 4 (IHaardt fc Madaulll996[ ). hkely 
reducing the impact of photoionization. In addition, halos were more compact, making gas 
expulsion more difficult. 

From the L{Mh) relatio n, combined with the measure of the to t al stellar mass in z = 6 
galaxies based on SED fits (IStark et al.l l2009t iGonzalez et al.l l2010l : iLabbe et al.l 120091 ) , we 
derive a typical star formation efficiency ri{Mh = IO^^Mq) ~ 0.06 (6% of gas converted 
into stars) with a large uncertainty, driven by the measure of the stellar mass (Figure 9 in 
Stark et al.ll2009[ ). Lower- mass halos are slightly less efficient at converting gas into stars. 
For example, halos with Mt ~ 10^ Mq, hav e y ^ 0.06 x dOVlO")"- ^ < 10"^ coiisisten t with 
assumptions in numerical models at z >6 ( iTrenti &: Stiavellill2009t iTrenti et al.ll2009[ ). The 
decrease in rj with decrea sing halo niass is possibly related to suppression of star formation 
by local photoionization (jCantalupdl2010l ). 



From L{Mh) we infer a halo mass Mh^ 8x 10^° Mq for galaxies with Mar ^ -19.5. 
This agrees with clustering measurements at ^ = 5 and z = 6 (jOverzier et al.l 120061 ). 



2.1. Validation of the ICLF Model 

To validate the predictions of our ICLF model under the sole assumption of evolution 
in the underlying dark-matter MF, we apply L{Mh) derived at z = 6 to AN{Mh, z) at 
z = 4 and z = 5. The resulting LFs are reported in Table [1] and Figure |2l and co mpared 



to those obtained wit h the standard CLF method. As expected from past studies ( ICooray 



20051 : iLee et al.l 120091 ) . the standard CLF model fails to match the observed LF at ^ < 5 
primarily because of strong evolution in 0* [(j)^,{z = 4)/(j)^,{z = 6) ~ 2.4]. The ICLF model 
predicts instead quasi-constant 0*, because the co moving formation rate per unit time for 
halos hosting faint {L < L*) galaxies remains approximately constant between z = 6 and 
z = 4. The ICLF results are fully consistent with the observed z = 5 LF, and with the 
bright-end at z = 4. However, the faint-end slope at z = 4 is underestimated at ~ 3a 
(predicted a > —1.6 versus a = —1.73 ± 0.05 measured). This clearly indicates that our 
simple assumption At = 200 Myr is no longer valid at z < 4.5 because e^j^Q becomes too 
small at the faint end (Figure H]). 
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3. Luminosity Function Evolution and HUDF09 Dropouts 



The current sample of z > 6.5 galaxy cand idates is too small to provide an independent 
fit of the LP. For example, lOesch et al.l ( l2010bl ) measured the z ~ 7 faint-end slope assuming 
a fixed value for and M^,. Here, we apply our ICLF model for a full prediction of the 
z ^ 7 LF. We do not allow evolution of LiM^). Significant redshift evolution is present 
(Figure |2]), simply because there is progressively less structure at higher z. The decrease in 
0=K is smaller than predicted by the CLF method. Both models predict a dimming in 
[dM^jdz ~ 0.25) and a steepening of the faint-end slope, which becomes close to a = —2 
by 2; = 9. The LF evolution is directly related to evolution of the halo MF shape, which 
depends exponentially on M^. As redshift increases, massive halos become rarer, and the 
relative abundance of smaller mass halos increases. 

To have an accurate comparison between predicted and observed number counts, we 
convolve the LF with the effective volume of the observations as measured with artificial 



source recovery simulations (lOesch et al.ll2010bl : iBouwens et al.ll2010al ). This is crucial be- 
cause of significant incompleteness at —19 < Mab ^ —18. These numbers are reported in 
Table [2] and include two additional ICLF models with At = 100 Myr and = 300 Myr. 
The counts expected from our reference ICLF model agree remarkably well with the number 
of sources observed in the HUDF: 13.4 ± 5.8 z-dropouts are predi cted (with I c r uncer tainty 
including cosmic variance) in agreement with the 16 candidates of lOesch et al.l (j2010bl ). The 
ICLF models with At = 100 — 300 Myr are also consistent with the data at Icr. No LF 
evolution from z = 6 predicts 31 sources (rejected at ~ 95% confidence level), while the 
standard CLF model gives 9.8 sources (rejected at ~ 90% confidence). For Y-dropouts, our 
reference ICLF model gives 5.3 sources at z ~ 8 (compared to 24 without LF evolution) , 
again fully consistent within la with the 5 Y-dropout candidates of iBouwens et al.l (l2010al ). 



4. Consequences for Reionization 

With our LF model we can investigate the role of galaxies in the reionization of the 
Universe. Despite large differences in the estimate of reionizing photon production, past 
studies established that sources below the current detection limit likely provide a significant 
fraction of the photon budget. The precise number of ionizing photons thus depends on 
the minimum luminosity chosen for the extrapolation of the LF. Our modeling offers a 
physically motivated cut-off for the luminosity of the smallest halo capable of forming stars. 
Theoretical and numerical investigations establish that a halo at 2; < 10 irradiated by a 
UV field comparable to the one required for reionization needs a mass > (0.6 — 1.7) x 
IO^Mq (virial temperature T^r ^ (1 ^ 2) x 10^ K at 2; = 7) in order to cool and form 
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stars (iTegmark et al.l 119971 ) . For Tyir > 2 x 10^ K, the minimum halo mass corresponds 
to Mab ~ ~10 based on the L{Mh) relation at z = 6 . Galaxies below the HUDF09 
magnitude limit Mab ~ —18 contribute > 75% of the total luminosity density ai z = 7 
integ rated to Mar = ~ 10i unless feedback stronger than seen in cosmological simulations 



le.g. 



Ricotti et al.ll2008l ) induces a flattening of the LP below the HUDF09 detection limit. 



To evaluate the likelihood that galaxies ionize the universe, we resort to th e widely used 



conve rsion of luminosity density in star formation rate (S FR; Equation 2 in iMadau et al. 



19981 ). We compare this SFR (Figure [3]) to the critical rate (IMadau et al.lll999l ) required for 
reionization, 



(SFR) 



crit 



0.01 



0.5 

fesc 



l + Z 



Mq yr"^ Mpc 



(6) 



where fesc is the es cape fraction of ioni zing photons and C the hydrogen clumping factor. 
Both Equation 2 in iMadau et al. (Il998[) and Equation |6] above depend on explicit assump- 
tions on the stellar IMF ( 1Salpeterlll955l in [0.1 : lOOjMo ) and metalhcity (Solar). EquationE] 
has a large uncertainty, including the IMF-dependent efficiency of Lyman- Continuum pho- 
ton prod uction. We adopt fp.,^ > 0.2, consiste nt with the very blue UV slope of small z = 7 
galaxies JSouwens et al.lboiObh . and C ~ 5 JSolton fc Haehneltl [20071 IPawlik et al]l2009h . 
Figure [3] shows that z <7 galaxies with Mab ^ — 10 produce enough photons to reionize 
the Universe. 

To obtain the evolution of the reionization fraction, ^(z)^ we fol low a complementary 
approach (see Equation 9 and its derivation in IStiavelli et al.l l2004al ) . We adopt an IGM 
temperature T = 2 x 10^ K, include the effect of Helium (He/H = 0.083) and assume 
conservatively fesc = 0.2, C = 5, and no ionizing flux at z ^ 9.5. The production rate 
of ionizing photons is obtained from the LF by assuming different SEDs for the sources. 
Figure [3] shows that if the LF is integrated to Mab = —10, reionization by z ~ 6 is achieved 
for any SED, including the unlikely scenario with Salpeter IMF and Z = Zq (consistent 
with the (SFR) crit analysis). However, in this case, the optical depth to reionization is 
underestimated compared to the WMAP5 measuremen t because of the shar p drop of C,{z) 



at 2 > 7 (re ~ 0.05 versus iTe)wMAP = 0.084 ± 0.016 [Komatsu et al.ll2009| l Metal-poor 
and top-heavy SEDs alleviate this problem, as they achieve complete reionization at z > 8, 
predicting Tg > 0.07. Alternatively, C/ fesc ^ 10 is needed. Without a steeper faint-end, 
a{z > 6) = —1.74, the 2; = 8 ionizing flux is reduced by ~ 40%, requiring a corresponding 
decrease in C / fesc for a constant Tg. Without the contribution from sources below the HUDF 
detection limit (i.e., LF integration to Mab = —IS), only a top-heavy and metal-poor SED 
can reionize the universe by 2; = 6, but that model predicts Te ~ 0.05. 
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5. Conclusions 

In this Letter we construct a model for the evolution of the galaxy luminosity function at 
z > 4.5 based on a modification of the CLF method. We derive the relation between galaxy 
luminosity and dark- matter halo mass at z = Q, assuming a one-to-one correspondence 
between observed galaxies and halos that formed in a period At = 200 Myr. Using L{Mh) 
fixed at z = 6, we derive the expected LFs between z = 4 and z = 9, assuming only evolution 
of the underlying dark-matter MF. The z = 5 LF is consistent with observations, but our 
model is less accurate at lower redshift because it underestimates the faint-end slope. At 
z > 6, we predict a moderate decrease of 0*, a possible steepening of the faint-end slope, 
and continued evolution of L^, toward lower values (Figure [2] and Tabled]). At all epochs, 
our predicted LF is well fitted by a Schechter function with a prominent "knee" . 

The predicted number counts for the HUDF09-WFC3 field are a good match to the 
dropouts observed at z ~ 7 and 2; ~ 8 (Table Overall our ICLF model is consistent with 
the observed galaxy LF from 2; ~ 5 to z ~ 8 with no evolution in L(Mh). DM halos assembly 
can explain LF evolution at z > 5 without invoking a change in the properties of LBG star 
format ion. This is in agree ment with the constant specific star formation rate inferred at 



z>5 flGonzalez et al.ll2010f ). 



Our model provides evidence for a reduced impact of feedback in low-mass -2^5 ha- 
los. In fact, we derive a star formation efficiency weakly dependent on halo mass {1] oc 
M°'^), compared to the stro ng quenching of star formation derived at z = [rj oc M^; 



Cooray Sz Milosavljevidl2005l ). providing a testable prediction for cosmologica l simulations 
The st rong suppression of s t ar for mation in Mh < 10^^ Mq halos suggested by lBouche et al. 



(I2OIOI ) and iMaiolino et al.l (120081 ) contrasts with a{z = 6) ~ 1.7 measured for halos with 
Mh > 2x 10^° Mq (Section[2]). Such strong feedback would also imply that galaxies appear in- 
capable of sustaining reionization. In fact, with a steep LF, sources below the HUDF-WFC3 
detection limit may contribute > 75% of the ionizing flux, sufficient for full reionization if 
C/ fesc ^ 25. A metal-poor and top-heavy IMF, or smaller C/ fesc, are required to complete 
reionization at 2 > 8 for consistency with {Te)wMAP- While our extrapolation is physically 
motivated to Tyir ^ 2 x 10"^ K, it extends for 8 magnitudes. Deeper observations are thus 
crucial to verify that the LF faint-end remains steep. 
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Fig. 1. — Upper Right: Calibration of the CLF/ICLF models with the lBouwens et al.l (120071 ) 



LF {z = 6). Upper Left: e%^\Mh,z) for ICLF model (At = 200 Myr). Lower panels: 
Galaxy luminosity versus dark-matter halo mass at z = 6 (black solid line, with blue-shaded 
area representing the 68% confidence region). Green-dotted line indicates luminosity limit 
z = Q observations in the HUDF. Left CLF, right ICLF. 
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Fig. 2. — Upper p anels: Model c o mpar ison (red CLF, blue ICLF) ai z = 4 (left) and 
z = 5 (right) with iBouwens et al.l ( 120071 ) LF (black points). Central panels: LF (black: 
z = 6; blue z = 7; red z = 8; green z = 9) obtained with CLF method (left) and our 
ICLF model (right). Lower panels: cumulative number of galaxies for a comoving volume of 
10"^ Mpc^ [h = 0.7), similar to HUDF09 field. Blue-shaded area gives la confidence region 
(shown for z = 7 only). 
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Fig. 3. — Left panel: Cumulative star formation rate for ICLF model with At = 200 Myr. 
Blue-shaded area gives la uncertainty at 2; = 7. Critical reionizing SFRs for C/fesc = 6 
and C/fesc = 25 at 2; = 7 are indicated. Dotted line shows HUDF09 luminosity limit. 
Right panel: Evolution of IGM-mass reionization fraction ^ (z) for LFs shown in left panel, 
integrated to Mab = — 10 under different SED assum ptions (black: Z = Z p^, Salpeter; red: 
Pop III; blue: "dwarf" -like metal-p oor [SED CSl of ISchaerer et al.ll2003| : green: Pop II, 
top-heavy; see IStiavelli et al.ll2004a[ ). 
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Table 1. LF evolution 



CLF model 




ICLF2ooMyr model 


Observations 






a 


(0,)_3" a 




a 



Input LF 


















z = Q 


1.4 


-20.24 


-1.74 


1.4 


-20.24 


-1.74 


1.4 ±0.5 


-20.24 ±0.19 


Predicted 


LF 
















z = A 


3.4 


-20.81 


-1.60 


1.3 


-20.90 


-1.57 


1.3 ±0.2 


-20.98 ±0.10 


z = 5 


2.3 


-20.51 


-1.66 


1.5 


-20.55 


-1.63 


1.0 ±0.3 


-20.64 ±0.13 


z = 7 


0.69 


-20.00 


-1.84 


1.0 


-20.00 


-1.84 






z = 8 


0.36 


-19.75 


-1.89 


0.60 


-19.70 


-1.90 






z = 9 


0.14 


-19.50 


-1.99 


0.22 


-19.55 


-2.22^ 







-1.74 ±0.16 



-1.73 ±0.05 
-1.66 ±0.09 



Note. — Best-fit Schechter parameters for LFs in Figure [2] (second to fourth col umn: 
CLF model; fifth to seventh column: ICLF; last three columns: iBouwens et al.l 120071 mea- 
surements). Fit holds for —22.5 ^ M^b ^ —18. Relative residuals are < 20%. 

^Units: 10"^ Mpc^ 

^Asymptotic faint-end slope is a ~ —2 



Table 2: Predicted dropouts for HUDF09 field 





Observed 


ICLF200Myr 


ICLFiooMyr 


ICLF300Myr 


CLF 


z-drop 


16 


13.4 ±5.8 


16.6 ±6.8 


11.3 ±5.2 


9.8 ±4.7 


Y-drop 


5 


5.3 ±3.1 


8.5 ±4.3 


3.9 ±2.5 


3.2 ±2.7 



Note. — Observed ( Oesch et al.l 2010b[ Bouwens et al. 2010a ) and predicted number counts for galaxies 
at z ~ 7 (z-dropouts) and 2; ~ 8 (Y-dropouts) in the HUDF09 field for different (I) CLF models. Predictions 
include convolution with effective HUDF09 volume as function of source magnitude, la uncertainty includes 
cosmic variance. 



